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THE METAL OF THE FUTURE. 

Aluminium: its History, Occurrence, Properties, Metal¬ 
lurgy, and Applications, including its Alloys. By Jos. 

W. Ricnards. (London : Sampson Low and Co., Ltd., 

1890.) 

A S the recent improvements in the manufacture of 
■Ti- aluminium have been so great as to enable it to be 
bought now at one-tenth the price it was only three years 
ago, and as its uses, especially in its alloys, are becoming 
constantly more extended and varied, a somewhat detailed 
review may be of service in directing attention to this, 
the latest book on the subject. It is intended by the 
author, who is instructor in metallurgy in Lehigh 
University, to lay before the general public as well as 
before metallurgists a full and accurate account of the 
aluminium industry as it exists at the present time. To 
do this, the author has found it necessary to make such 
numerous and extensive additions to the first edition, 
that the present volume may almost be regarded as a 
new hook. 

Passing in review the various parts of the book, we come 
first to an admirable resume, of 27 pages, of the 
history of the progress made in reducing aluminium 
metal; it contains much interesting information, not easily 
obtainable elsewhere, describing the founding of the 
various works for this manufacture from the time of 
Deville to the present electrical processes of Cowles, of 
Lockport, New York; of Hall, of Pittsburg; and of 
Heroult, of Neuhausen, Switzerland. The affairs of 
Frishmuth, of Philadelphia, here mentioned, may serve 
as a warning to those too ready to believe reports of 
success from enthusiasts or from the inventors of secret 
processes. 

Chapter ii., of 7 pages, deals with the occurrence of 
the compounds of aluminium in Nature. It may be in¬ 
teresting to remind the reader of the existence of several 
precious stones that contain aluminium, but a list of 
“ some other compounds occurring frequently ” is surely 
very misleading when it contains the minerals turquoise, 
lazulite, wavellite, topaz, and even cryolite ; these ought 
to have been replaced by such minerals as the sodium- 
and potassium-felspars, hornblende, augite, mica, kaolin, 
&c. These common aluminium minerals are described, 
curiously enough, however, in the chapter dealing with 
the artificial preparation of aluminium compounds. The 
statement “that aluminium has never been found in 
animals or plants ” requires correction. The description 
of beauxite is accompanied by many analyses ; but that 
of cryolite, which is directly used in the manufacture of 
aluminium, is accompanied by an incorrectly calculated 
percentage composition, and the one statement that “the 
so-called pure article was found by Prof. Rogers, of Mil¬ 
waukee, to contain 2 per cent, of silica and 1 per cent, of 
iron,” although further details are to be found on several 
other pages of the book. 

Chapters iii. and iv., of 31 and 13 pages, deal with the 
physical and chemical properties of aluminium. A list is 
given of analyses, and an account of various specimens of 
commercial metal, showing the amount of the impurities, 
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iron and silicon, that may be contained, and the effect on 
the physical properties is mentioned. The chapter on 
the chemical properties concludes with a paragraph headed 
“General Observations on the Properties of Aluminium” ; 
this, being a quotation from Deville’s general theoretical 
considerations, is very much behind the time indeed, and 
should be replaced by observations made with respect to 
Mendeleeff’s classification of the elements, and coupled to 
the general considerations on the “ structure of aluminium 
compounds ” that introduces the next chapter. 

Chapter v. describes generally the properties and pre¬ 
paration of aluminium compounds, but requires some 
alterations ; thus, on p. 86 we read, “ Alumina forms no 
carbonate,” and p. 103 is a paragraph headed “Aluminium 
Carbonate,” describing the preparation of the compound 
A 1 2 0 3 .C 0 2 ; and again, p. 88, we find diaspore is A 1 2 0 3 .H 2 0 , 
beauxite is AI 2 0 3 .2H 2 0, and gibbsite is AI 2 0 3 .3H 2 0, 
whereas on p, 47 it is said that “beauxite is a combin¬ 
ation between diaspor, A1 2 0 3 .3H 2 0, and brown hematite, 
Fe 2 0 3 .3H 2 0,” and on the same page is also found 
“ Diaspore, H 2 A 1 2 0 4 .” We must certainly disagree with 
the names “ aluminium-ammonium chloride ” for the 
substance A1 2 C1 6 .3NH 3 , and “aluminium fluorhydrate” 
for A 1 2 F 6 . 7 H 2 0 , and also think that the description of 
some dozen substances as the double chlorides of 
aluminium and sulphur, phosphorus and selenium, the 
above ammonia compound and the selenide and selenite 
of aluminium, might have been entirely omitted, and 
the space devoted with advantage to a more detailed 
description of the really important compounds. 

Chapter vi., of 29 pages, is a well-written account 
of the “Preparation of Aluminium Compounds for 
Reduction,” and describes the preparation of alumina 
from crude sulphates, from beauxite and from cryolite, 
the preparation of aluminium chloride, and aluminium 
sodium chloride, and the preparation of artificial cryolite 
and of aluminium fluoride, and also that of the sulphide 
of aluminium. The numerous processes here described 
give one much food for thought and comparison, and 
though no author is really responsible for the statements 
of others which he may introduce, yet where the state¬ 
ments of two authorities do not agree, the disagreement 
should be mentioned and suggestions made to explain the 
cause of it. Two cases may be cited. On pp. 113 and 
118, analyses are given of alumina precipitated by car¬ 
bonic acid from sodium aluminate solutions : the one 
shows 2'5 and the other 20 per cent, of sodium car¬ 
bonate. Again, on p. 121 we find the method of Sauer- 
wein for preparing alumina from cryolite, viz., 

Al 2 F 8 .6NaF + Al 2 0 3 .3Na 2 0 + 6 H 2 0 = 2 (A 1 2 0 3 . 3 H 2 0 ) 
+ iaNaF ; 

while on p. 137 is described the very reverse reaction, a 
method of Berzelius for preparing cryolite from alumina, 
viz., 

2AI 2 0 3 .3H 2 0 + iaNaF = ALF e .6NaF -j- Al 2 0 3 .3Na 2 0 
+ 3 H ,0 

(this last item is a mistake for 6H a O). 

Chapter vii., of 39 pages, describes “ The Manu¬ 
facture of Sodium,” giving a full account of the older 
processes, and also of the recent ones of Castner and 
Netto, in which not sodium carbonate, but hydrate, is 
reduced by carbon at a red heat. There is also reference 
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made to the experimental preparation of sodium by 
electrolysis of fused salt. 

The eighth chapter, 13 pages, considers “The 
Reduction of Aluminium Compounds from the Stand¬ 
point of Thermal Chemistry.” After a short introduction, 
a list is given showing the heat developed in the oxidation 
of various metals. At the head stand magnesium and 
aluminium, and the author predicts the possibility of 
reducing alumina by magnesium under certain unknown 
conditions; and it is interesting here to note that 
C. Winkler, only a few months ago, in the course of a 
series of logical researches, has found that alumina, 
heated with magnesium, gives (according to the propor¬ 
tions) either finely-divided aluminium or a hitherto 
unknown oxide, viz. AlO, a perfectly black substance ; 
and this was the substance for which Deville was search¬ 
ing in 1854, when for the first time he accidentally ob¬ 
tained pure aluminium in globules, an accident which 
led to his well-known labours in connection with this 
metal. The chapter concludes with an account of the 
thermal aspects of the formation and reduction of the 
chloride and sulphide of aluminium. 

The next two chapters, ix. and x., of 26 and 
24 pages, are headed, “ The Reduction of Aluminium 
Compounds by Potassium or Sodium,” although potas¬ 
sium has probably not been used for the preparation 
of aluminium since the experiments of Wohler, in 1845. 
The first chapter is devoted to the double sodium chloride 
as source of the metal, and contains very full accounts 
of the process as practiced by Deville, and of the various 
improvements made up to the time of Paul Morin in 
1882. Describing the patented process of Frishmuth, the 
author says: “ In what the originality of the process con¬ 
sists . . . we cannot see, and we simply acquiesce blindly 
to the mysterious penetration of our Patent Office Board ”; 
and the remark might fitly be applied to other patents 
than this particular one, and to other Patent Office Boards 
than that of the United States. The second chapter de¬ 
scribes the reduction of the fluorine compounds. From 
the experiments and experience of H, Rose, Percy, Dick, 
Deville, Tissier Brothers, all fully described, the conclusion 
is drawn that the best use of cryolite is as a flux when 
reducing aluminium sodium chloride ; but as a contrast 
to this is the account of the Alliance Aluminium Com¬ 
pany’s processes, by which 77 per cent, of the metai con¬ 
tained in the cryolite was extracted. The account of 
Grabau’s processes, the reduction of aluminium fluoride 
by sodium, is very interesting, and especially so as he has 
been the first to produce on a commercial scale aluminium 
with less than half of 1 per cent, of impurities. 

Chapter xi., of 70 pages, is one of the most import¬ 
ant chapters in the book. It is an account of the 
“ Reduction of Aluminium Compounds by the use of 
Electricity,” and is introduced by an all too brief review 
of “the principles of electro-metallurgy as they apply 
to the decomposition of aluminium compounds.” The 
method of calculating, from the heats of formation, the 
electromotive forces required to decompose aluminium 
chloride and alumina having been described, the number 
of volts thus found are' explained to be 

“the absolute minimum of intensity which would pro¬ 
duce decomposition, and the actual intensity practically 
required would be greater than this, varying with the 
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distance of the poles apart and the temperature of the 
bath as far as it affects the conducting power of the 
electrolyte. From this it would immediately follow that, 
if the substance to be decomposed is an absolute non¬ 
conductor of electricity, no intensity of current will be 
able to decompose it. If, on the other hand, the substance 
is a conductor, and the poles are within reasonable dis¬ 
tance, a current of a certain intensity will always produce 
decomposition.” 

We are sure that such an explanation of phenomena 
that can only be successfully treated mathematically will 
not greatly enlighten the uninitiated, and hope that in the 
next edition the author will find it possible to give a more 
exact and fuller account of electric phenomena in so far 
as they apply to the subject in hand ; as, for instance, 
an account of Ohm’s law applied to electrolytes, of the- 
chemical and thermal effects of electric currents upon 
electrolytes, of the chemical, electrical, and thermal effects 
of secondary reactions to which the products of the electro¬ 
lysis may give rise, &c., and also even a brief description 
of the instruments and machines used to measure and 
generate the powerful currents used in the manufacture 
of aluminium. With the expression of this hope we 
will pass over many inaccurate and dubious expressions 
relating to electrical terms and descriptions. 

Exceedingly curious is the account of some twenty 
patented processes for depositing aluminium or its alloys 
from aqueous solutions, and the following remarks of 
the author summarize the results obtained by all these 
enthusiastic labourers in Nature’s unwilling fields 

“We have inventors affirming in the strongest manner 
the successful working of their methods, while other ex¬ 
perimenters have followed these recipes and tried almost 
every conceivable arrangement, yet report negative re¬ 
sults. ... No good authority testifies to the success of 
any process so far advanced, neither have I seen any so- 
called aluminium plating (from aqueous solution) which 
really was aluminium.’’ 

“ The Electric Decomposition of Fused Aluminium! 
Compounds ” is treated, with the exception of a few cases, 
chronologically; in reviewing the chapter we shall, how¬ 
ever, group them according to the electrolyte used, and 
we cannot but think that this very important chapter 
could have been presented more concisely in such a 
way. 

First, then, there are accounts of the electrolysis of 
fused aluminium sodium chloride by Deville, Bunsen, Le 
Chatellier, Berthaut, and Gratzel, whose process was 
actually tried on a large scale, but abandoned. The pro¬ 
cesses of Omjiolt and Faure are amusing, inasmuch as the 
one melts aluminium chloride in a reverberatory furnace ! 
and the other electrolyzes a bath of the same substance 
at 300° ! 

The remaining processes may be classified as follows : 
(1) electrolysis of cryolite without addition of alumina, 
but with or without addition of salt, &c. ; (2) the same as 
No. 1, except that alumina is also added ; (3) electrolysis 
of alumina dissolved in cryolite salt, &c. ; (4) electrolysis 
of fused alumina ; (5) electrically heating mixtures of 
alumina and carbon to such a temperature that they 
react upon each other chemically; (6) methods using 
crude day, beauxite, or kaolin as the source of alumina, 
and not worthy of further consideration. To the first 
class belong the processes of Gaudin, Grabau, Feldman, 
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and perhaps also that of Rogers ; the products of the 
action are aluminium and chlorine or fluorine. To the 
second class may be ascribed the process of Kleiner, 
perhaps that of Rogers, and that of Bernard Brothers ; the 
products of the action are the same as the first class, but 
the aluminium fluoride destroyed by electrolysis is in part 
restored to the bath “by causing the fluorine vapours 
evolved to act on alumina or beauxite placed somewhere 
about the anode.” To the third class may be ascribed 
the processes of Henderson, Hall, and part of Herouit’s 
patented process; here the products are said to be 
aluminium and oxygen, which by contact with the carbon 
anode is converted into carbon monoxide or carbon 
dioxide, and the cryolite, &c., used as solvent for the 
alumina are said to remain unchanged. The fourth class 
contains only Herouit’s process, and of that only the 
latter half of his claims. The fifth class contains the 
process of Monckton, Cowles, Menges, and Farmer. 

As regards the details of these various processes re¬ 
ference must be made to the book. The processes 
of Cowles, Hall, and Heroult are reported as being in 
active and very extensive use by the several companies, 
and if one is to believe the glowing reports that are pub¬ 
lished they are very successful indeed ; thus Hall claims 
to extract 50 per cent, of aluminium from alumina, instead 
of the theoretical 52'94 per cent., while the fluorides used 
waste only very slightly, and require replenishing to the 
extent of a small fraction of the weight of the metal 
made ; and with his latest improvements aluminium is 
not to cost more than half a dollar a pound ! 

The scientific investigation of these processes is either 
kept secret, or, alas, has scarcely been attempted; and 
yet the surest and quickest way to establish a process on 
a sound commercial footing is to thoroughly investigate 
the conditions regulating every reaction, and not merely 
those conditions relating to the principal reaction, for 
those relating to the ubiquitous “ impurity ” are at least 
of equal, if not of greater, importance. In describing 
the above processes, the author introduces scientific and 
numerical discussions on several points; but the work 
would have been more valuable to the increasing number 
of metallurgists interested in the subject if the book had 
bristled more with hard facts expressed in figures, and 
with references to volume and page where the original 
might be found. 

Chapter xii., of 31 pages, is a summary of the very 
manv processes that have been proposed for the “ Reduc¬ 
tion of Aluminium Compounds by other means than 
Sodium or Electricity.” Many of the accounts record the 
partial success of actual trials, and deserve considera¬ 
tion ; but many are but little more than written hopes 
and imaginations. 

As far as the end of this last chapter, the subject-matter, 
with the exception of chapters iii. and iv., is purely 
chemical, and relates, indirectly or directly, to the primary 
production of aluminium or of certain of its alloys. 
From this point the book deals with the manner of work¬ 
ing aluminium, the preparation of its alloys, and the pro¬ 
perties which characterize them. This metallurgical part 
of the book may be considered as being introduced, as 
far as aluminium itself is concerned, by chapters iii. and 
iv. and some four pages of chapter xiii., which describe 
the “ Purification of Aluminium,” and refer very briefly 
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to Mallet’s preparation of the pure metal. The special 
methods found suitable for the analysis of aluminium 
and its alloys are described in the last chapter of the 
book. 

Chapter xiii., of 29 pages, describes fully the methods 
of working in aluminium—casting, rolling, annealing, 
soldering, &c., &c. In speaking of the uses of aluminium, 
the author says, when referring to its lightness, 

“ but I would say a word or two about the popular fallacy 
of aluminium replacing steel as a constructive material, 
... or in any position where its strength is of import¬ 
ance. ... it is forgotten that it is only one-third as 
strong.” 

The aluminium alloys are considered in the next three 
chapters. Chapter xiv., of 30 pages, describes many alloys, 
of which the following two classes are especially important, 
as they promise to enter largely into commerce. The 
alloys with copper and nickel mostly contain but a very 
small proportion of aluminium, but nevertheless are 
superior to ordinary German silvers for strength and fine¬ 
ness of grain. Those containing copper and zinc, and 
known as aluminium brass, possess exceedingly valuable 
working qualities, are three and four times as strong as 
ordinary brass, and containing mostly only 2 or 3 per cent, 
of aluminium are further recommended by their low cost. 
Chapter xv., of 32 pages, describes the alloys with copper ; 
of these the most important contain 5 or at most 10 per 
cent, of aluminium, and are known as aluminium bronzes ; 
and full accounts of the methods of working and tests of 
the strengths of the metals are given. Chapter xvi., of 
31 pages, describes the “Aluminium-Iron Alloys,” and 
is a very interesting account of a difficult but ex¬ 
ceedingly important subject. The chapter is divided 
into three parts, dealing with the effects produced by 
adding trifling quantities of aluminium to steel, to 
wrought-iron, and to cast-iron ; in almost all cases the 
castings are quite free from blow-holes ; and in certain 
cases the metal becomes more fluid, allowing of castings 
being more readily made. Cast wrought-iron sounds like 
a paradox, but it is not one, for, by adding a small amount 
of aluminium to wrought-iron that has been heated 
until it has become pasty, the latter immediately 
liquefies, and can then be poured into moulds, making 
castings as sound as if they were of grey cast-iron. The 
author discusses at some length the probable explana¬ 
tions of the effect of adding aluminium to the various 
kinds of iron, and his conclusions may be very briefly 
stated as being : (1) addition of very small quantities of 
aluminium, i.e. o'oi to o’x per cent., causes the destruction 
of carbonic oxide or dioxide, or of the oxygen compounds, 
as oxide of iron, disseminated mechanically, and which 
at the moment of setting give rise to the formation of 
these gases ; hence the cast metal is free from blow¬ 
holes, and, owing to the removal of suspended oxides, the 
metals cease to be pasty and become quite fluid; (2) 
addition of aluminium in larger quantity, i.e. o'2 to 0-5, or 
even several per cents., converts the combined carbon— 
that is, if there be any appreciable amount—into graphitic 
carbon, and, according to the quality of the iron operated 
on and the amount of aluminium added, has the effect of 
rendering the castings free from a chilled surface, of 
making the metal very uniform in texture and hardness, or 
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of separating the graphite to such an extent that the metal 
becomes pasty and unfit for making castings. Wonderful, 
indeed, are the effects of traces of foreign substances on 
the physical properties of the metals, and, though much 
has been done towards studying the effect of foreign 
substances on the properties of iron—the metal of the 
past, the present, and the future also, notwithstanding all 
that has been said about aluminium—yet the effects of 
this new “ impurity,” aluminium, are so great that evi¬ 
dently not only the modern man of science, but also the 
time-honoured iron-master, has still much to learn. 

H. Baker. 


ELECTRIC DARKNESS. 

Electric Light: its Production and Use. By John W. 
Urquhart. Third Edition. (London : Crosby Lock- 
wood and Son, 1890) 

HIS book has the characteristic defect of many 
scientific works that go through several editions— 
the old matter is fondly retained, while edition by edi¬ 
tion, new bits of information are inserted here and there, 
until finally the paragraphs must feel as awkward in one 
another’s company as ancient Britons and gentlemen in 
top hats. And unfortunately Mr. Urquhart gives no hint 
to the readers of “ Electric Light ” as to which are his 
aboriginal paragraphs painted in woad, and which of 
them wear the modern frock coat. 

That section of his book which is devoted to arc-lamps 
almost starts with a description of the latest form of the 
Brockie-Pell lamp, followed by an account of the Siemens 
and Hefner Alteneck pendulum and differential lamps, 
the Thomson-Houston, and the Brush lamps, types 
which may all be met with in constant use at the present 
day ; then the author, without a word of warning that he 
is becoming historical, dilates on the Wallace-Farmer 
and the Rapieff forms. N ext comes the Crompton lamp, 
with only a page given to it, and not thought worthy of 
an illustration. The reader would hardly gather from 
this that the Crompton lamp is extensively used in railway 
stations and elsewhere at home and on the Continent, and 
that the streets of one of the few towns in England elec¬ 
trically lighted—viz., Chelmsford—obtain their light 
wholly from Crompton lamps. We have then the de¬ 
scription of a very excellent lamp, the Pilsen, especially 
in view of the improvements introduced into it by Mr. 
Joel; these, however, are not even referred to, Mr. Joel’s 
contribution to electric lighting being confined, according 
to Mr. Urquhart, solely to his semi-incandescent lamp of 
1881. And the description of the Pilsen lamp only occu¬ 
pies a fraction of the space devoted to the rotatory disc, 
the Regnier, the Werdeman, the Wilde, the Jamin blow¬ 
pipe lamp, and other obsolete specimens which close this 
section, wherein may be found some of the most important 
arc-lamps of the present day indiscriminately jumbled up 
with types that figure only in museums and text-books. 

Although the book is dated 1890, the description of Sir 
William Thomson’s meters, to which only half a page is 
given, must have been written several years ago, before 
Sir William abandoned the use of iron, since, according 
to “ Electric Light,” all the assistance Sir William has 
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contributed to the electric light industry is the invention 
of a voltmeter in which a stumpy bit of iron is attracted 
by a coil. The co-inventor of the Ferranti dynamo is 
we learn, another man, a Sir William Thompson, with 
a “ p.” 

With reference to the Deptford mains we are told, 
“ The main is composed, first, of a copper tube of small 
diameter surrounded by a considerable thickness of in¬ 
sulating material, the whole being enclosed in a copper 
or other metallic tube about three inches in diameter. 
It is to be particularly observed that the ‘ return ’ is in¬ 
tended to be put in connection with the earth.” We 
should like to hear what the Postmaster-General would 
say to this bit of intelligence after the opposition that he 
offered in the spring of 1889 to the original plan being 
carried out, and which led to the return of the Deptford 
mains being insulated. 

Details are given of the electric lighting of the Albert 
Hall by 5 arc-lamps, the author not mentioning that the 
words, “At the Albert Hall a saving of gas js effected, 
&c.” and those that follow were written in the very early 
days of electric lighting. And yet, so anxious to be up 
to date does the author profess himself to be that he 
states, when dealing with high candle-power lamps, “ We 
need not enter more deeply into the question how many, 
because . . . calculations made in 1889 would probably 
not apply in 1890.” 

This happy indifference that he displays to the dis¬ 
tinction between the past and present tense may very 
likely lead people to unfairly condemn as useless,, 
and out of date, a good deal of solid and valuable in¬ 
formation which the book contains. The chapter on 
electric distribution is distinctly good, and the chapters 
on dynamos may be read with profit if we set down to the 
author’s love of living in the past the accounts he gives 
of the Wallace-Farmer, of the Biirgin, and of other 
dynamos now practically abandoned ; and if we attribute 
to a like cause such information as the following with 
reference to direct-current dynamos :—“The idea of 
making the armature a fixture, and of causing the field 
magnet to revolve within it, has, ... in several lately- 
constructed machines, proved a most advantageous form 
of construction.” The section on the management of the 
dynamo is particularly useful, and contrasts most favour¬ 
ably with the large amount of historical matter the book 
contains. We hope, however, that the author’s statement 
regarding a shunt dynamo, as to its probably being im¬ 
possible to burn up such a machine by short-circuiting, 
will not be brought forward as an excuse by some begin¬ 
ner for short-circuiting a shunt dynamo which has been 
running on open circuit; because the bill that will pro¬ 
bably haveto be paid for rewinding a burnt-up armature will 
forcibly illustrate the importance of taking into account 
what the author has neglected, viz. the residual magnetism 
of the field-magnet cores. 

The detailed instructions which are given for making 
simple apparatus like batteries, a laboratory magneto 
Gramme machine, simple arc lamps, &c., will recom¬ 
mend the book to amateurs, but the author’s views that 
the vertical slit down the cylindrical zinc of a cell is for 
the purpose of preventing local action, that “both 
sides of the zinc evolve electricity,” that “ electricity of 
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